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1 Introduction

During recent discussions on channel models for mult-antenna systems in RAN1, proposals for correlation based channel models have been presented. In the RAN1 #21 meeting in Turin several effects and channel properties were identified that were not sufficiently addressed in the model proposals seen so far. In a recent contribution to the current RAN1 meeting (R1-011179) some of these concerns have been addressed. An updated proposal for correlation based channel models is presented in this document. However, this proposal didn’t cover some of the raised concerns. 

2 Critical Spatial Modeling Parameters

In the recent proposal, several spatial modeling parameters has been described.  However, the following items need some further attention to enable realistic evaluation of mult-antenna systems.

· Assumption of a uniform PAS at the UE: Although the recent proposal is trying to address this by allowing an optional Rician path (K=3 dB) for some of the cases, it is felt that other ways to model non-uniform PAS at the UE need to be investigated (mean AoA + angular spread, mix of uniform PAS + 1 path with angular spread, etc). 

· Classical Doppler spectrum: As the Doppler spectrum is a function of the PAS at the UE, it is not sufficient to assume a classical Doppler spectrum. This implies not only a uniform PAS but also the use of omnidirectional antenna patterns at the UE. These assumptions are not realistic.  Just the fact that classical Doppler spectra have been used so far is not a good justification to use them in a spatial channel model. 

· The option to have a Rician path in the PAS at the UE is not in line with the assumption of a classical Doppler for all cases.

· Doppler + PAS as a function of delay: In the recent proposal the PAS at the Node B is in some cases a function of the delay. The same principle should apply for the UE. As a consequence, the Doppler spectrum for different paths can be different as well. 

· Power delay profiles (PDPs): 

a. RAN4 modified ITU DPDs quite a bit, added different cases, changed speeds etc in order to derive the channel models currently used for performance specs.  So what we have currently in 3GPP is not compatible to ITU PDPs. Therefore is is not really important to be in line with the ITU models. If other PDP seem to fit the needs for a spatial channel model better, we should consider these.
b. It is important to ensure that the delay spread model used is appropriate to the desired environment, delay spreads found in macro-cells are generally greater than those found in micro-cells.  The current proposal has selected delay spreads that are too high for micro-cells.
· Antenna configurations (currently restricted to omni antennas, 0.5 & 4 lambda spacing): It should be possible to include different antenna configurations in the simulations. Also the assumption that all used antennas are omnidirectional seems to be unrealistic.

· For practical antennas with non-uniform characteristics, the use of a dual correlation matrix approach is not appropriate.  It requires a fully populated correlation matrix with all cross terms.
· Branch imbalances:

a. Antenna pattern differences in conjunction with non-uniform PAS at the UE are not included in the current proposal.  This will produce branch imbalance, which has reported to have a significant impact on MIMO performance.

b. Branch imbalances can also be caused by polarized antennas in conjunction with cross-polarization discrimination (XPD).  This be considered in a MIMO performance comparison.

· The correlations between antennas depend on the relative polarization of the antennas, not simply the spacing between elements.  The potential for using antennas with different polarization characterics needs to be included in the model.

· To derive the correlation matrices a fixed set of values for several parameters have been assumed although some of these parameters have a statistical nature (e.g. fixed AoA).
· Correlation-based models are not appropriate to evaluate all classes of algorithms that exploit information about spatial properties of a channel (e.g. directions): Only algorithms that are based on second order statistics of the channel may be evaluated with correlation based models. This is not true for other algorithms (e.g. general direction finding and beam forming algorithms). Note that different spatial configurations of propagation paths can lead to exactly the same correlation matrices. So the benefits of using an algorithm that is capable of discriminating and exploiting the different spatial configurations, cannot be demonstrated by using correlation based models in general.
· Correlation based models do not allow for extracting spatial information about the channel characteristics in the uplink and using it for transmitting signals in the downlink. 
· The issue of correlated interference: 3G is an interference limited system, and a main factor in MIMO design is the ability to cancel spatial interferers.  Therefore, interference cannot be ignored in the spatial channel model. Furthermore, since interference source in the downlink are usually originating from sources that are at a longer distance to the UE than the serving Node B, it is even more likely that the interference PAS at the UE is non-uniform.
3 Way forward

To generate the correlation-based models as proposed in R1-01-1179, several assumptions about the the spatial configuration of the propagation paths and antenna configurations were made as first step in order to derive the appropriate correlation matrices as a second step.  So eventually the proposed models have been based on some geometrical assumptions about propagation paths (rays) in the first place. Modelling the channel based on assumptions about the spatial configuration of propagation paths (ray-based approach) would have the following advantages:

· Possibility to include realistic, non-uniform PAS at the UE

· Automatic generation of the appropriate Doppler spectrum

· Correct dependency of PAS and Doppler spectrum on the different channel delays

· Possibility to use arbitrary antenna configurations including non-omnidirectional antenna patterns

· Possibility to use polarization information by introducing ray specific XPD factors

· Possibility to have a consistent generation of uplink and downlink channel coefficients

· Possibility to generate realistic correlation of interference signals

· Possibility to vary certain parameters that have a statistical nature (such as AoA of rays) according to given CDFs of PDFs instead of picking a fixed value.

As all of the issues listed in the previous section above could be resolved if a ray-based channel model was adopted, it is suggested to use a more general method  to generate channel impulse responses for multi-antenna systems as follows:

1. Define a set of parameters for a ray-based channel model, eventually spanning a range of spatial channel environments, and including some extreme cases.  A good starting point for this could be the set of parameters derived in COST259.  As COST259 models might cover more effects than are actually needed for the purpose of multi-antenna system evaluation it may be discussed to what extend the COST259 parameters could be used.

2. If the proponent does not see a need for the full spatial information present in the channel model, the appropriate correlation matrices and Doppler spectra can be derived and the simulations can use correlation-matrix-based generation of channel coefficients. The derivation of these correlation matrices and Doppler spectra can be done a-priori for a set of agreed upon reference antenna configurations.

3. If a proponent sees a need to have the full spatial information present in the channel model, e.g. necessary for certain beam forming algorithms, the full ray-based model can be used for simulation.

4. For a set of agreed upon reference antenna configurations, traces of channel coefficients including interference signals can be derived a-priori for the ray-based model in order to enable a low-complexity simulations for the sake of comparing the relative performance of algorithms.

The following graph shall illustrate the different options in implementing this flexible model approach.
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Figure 1 Structure of a flexible channel model
It is suggested that the following spatial channel definitions be summarized in an annex of the MIMO technical report. 

1. The set of spatial parameters and their range of values for a ray-based model. E.g. clusters, PAS, etc.

2. The values for the parameters in item 1.) for different environment types. 

3. A proceedure for how to derive correlation matrices and Doppler spectra for a snapshot of a given environment type.  

It is further suggested that the work on channel models is co-ordinated with TSG RAN4 as this group is in charge of derivation of performance requirements and offers some expertise in channel modelling. Note that in TSG RAN4 reference has been made to COST259 channel models for the purpose of the deployment aspects document (TR 25.943v4.0.0)
